Introduction
Low back pain (LBP) defined as pain originated from the costal margin and above the inferior gluteal folds with or without sciatica is mostly due to mechanical causes contributing to musculoskeletal strains and neuropathic pain syndromes. 1 Its incidence was highest in the working age (middle-age), and was recognized as the greatest contributor to disability worldwide in the 2013 global burden of disease study. 2 If people suffered from on-and-off or persistent LBP for 12 weeks or more (chronic LBP, CLBP), they might further be hindered by loss of productivity, and prolongation of disability. 1, 3 There has not been much progress in management of CLBP in respects of satisfied pain reduction and functional gain, despite improving understanding of pathogenesis and advances in surgeries or interventions for it. Failed back surgery syndrome is the toughest condition of CLBP, characterized as persistent or recurrent LBP with or without sciatica after receiving repeated spinal surgeries. 4 Therefore, it is reasonable that CLBP may lead considerable impacts on the patients and the health care system.
Besides well-known modifiable atherosclerosis risk factors (e.g., hypertension, diabetes, hyperlipidemia ), cardiovascular diseases had been associated with multiple risk factors such as chronic pain conditions, e.g., fibromyalgia 5 , psychiatric disorders, e.g., depression , anxiety 6, 7 , sleep disturbances, e.g., insomnia 8 and inactivity. 9, 10 Patients with chronic pain, possibly in a stress status, were associated with depression; and up to 85% of patients of them were accompanied with severe depression. 11 Additionally, coexistence of socioeconomic conditions like conflicting relationships at work and insurance issues might make the CLBP patients more vulnerable to having psychiatric disorders and sleep disturbances. 4 Taken together, CLBP patients were J o u r n a l P r e -p r o o f more likely facing difficult conditions as chronic pain, emotional stress or psychiatric disorders, sleep disturbances, and aggravated inactivity. Thus, we supposed that the CLBP patients may be at risk for stroke. If the association will exist, it will be an important issue since the incidence of LBP was highest in the middle-age population and could further magnify the socioeconomic burden.
To the best of our knowledge, there have not been any longitudinal studies revealing that CLBP patients are at risk of stroke. Only one cross-sectional study showed that chronic musculoskeletal pain was associated with cardiovascular disease. 12 Therefore, we conducted this large longitudinal study to explore the association between CLBP and stroke.
Materials and Methods

Ethical review
Ethical approval for this study (CMUH104-REC2-115) was provided by the Institutional Review Board of China Medical University Hospital, Taichung, Taiwan.
This retrospective study used anonymous data from the Taiwan National Health Insurance Research Database (NHIRD). All personal information that could be used to identify the patients was encrypted before entry into the NHIRD and was further encrypted before releasing to the public for research purposes. Therefore, patient consents are not required to access the NHIRD.
Data source
The National Health Insurance (NHI) program in Taiwan offers nearly full medical services to 99% of 23 million residents in Taiwan and provides universal coverage and access to any medical institutions of the individual patient's choice. We used the Longitudinal Health Insurance Database (LHID 2000), a subset of NHIRD consisting of all medical records of 1 million randomly selected insured people from the 23 million NHI beneficiaries between 1996 and 2013, including dates, primary, secondary diagnostic codes, and prescription orders during hospitalizations as well during outpatient visits.
Study population
We identified patients diagnosed with low back pain (LBP) by International We identified the non-low back pain (NLBP) cohort by 1:2 propensity-matching with age, sex, index year and cardiovascular-related comorbidities ( Figure 1 ). The study objective was to estimate the risk of strokes (ICD-9-CM 430-438, A290-A293, A299), including hemorrhagic stroke and ischemic stroke in the two cohorts. Therefore, individuals who were diagnosed of the stroke before index date were excluded.
Patients with diagnosis of neoplasm of bone or articular cartilage (ICD-9-CM: 170, 213), or trauma (ICD-9-CM: 721.7, 8054, 8055, 8056, 8057, 8058, 8059, 8066, 8067, 8068, 8069, 8394, 8395) before index date were also excluded. The follow-up duration was calculated from the index date to the date of the stroke, withdrawal from the NHI, or December 31, 2013.
Comorbidities and non-steroidal anti-inflammatory drugs (NSAIDs) usage
The potential cardiovascular-related comorbidities considered for covariates were depressions (ICD-9-CM 296.2, 296.3, 296.82, 300.4, 309.0, 309.1, 311), hypertensive diseases (ICD-9-CM 401-405; A-code A260, A269), diabetes mellitus (ICD-9-CM 250; A-code A181), coronary heart diseases (ICD-9-CM 410-413, 414.01-414.05, 414.8, 414.9), congestive heart failures (ICD-9-CM 428), hyperlipidemias (ICD-9-CM 272; A-code A182), peripheral artery diseases (ICD-9-CM 440.2, 440.3, 443.9), atrial fibrillations (ICD-9-CM 427.3) and chronic kidney diseases (ICD-9-CM 250.4, 403.XX, 404.XX, 585, 586). All comorbidities had to be diagnosed at least twice before the index date in this study. We also included NSAIDs usage as a covariate, defined as cumulative days of NSAIDs usage within follow-up duration.
All patients were divided into three groups according to their cumulative days of NSAIDs usage. Patients with the cumulative days of NSAIDs usage <18 days, between 18 and 132 days, and >132 days were defined as low, medium, and high usage groups in this study, respectively."
Statistical analysis
The SAS V.9.4 statistical package (SAS Institute, Cary, North Carolina, USA) was used for the statistical analysis. A 2-tailed P<0.05 was considered significant. For the distribution of variables in CLBP and NLBP cohorts, we used a Chi-square test for J o u r n a l P r e -p r o o f categorical variables and a Student t test for continuous variables. Adjusted hazard ratios (aHRs) with 95% confidence interval (95% CI) were calculated by multi-variable Cox proportional regression model. The incidence rates of ischemic stroke in both groups were calculated after stratifying each variable. Kaplan-Meier analysis with a log-rank test was done for estimation of the difference between the 2 cumulative incidence curves of the stroke from the CLBP and NLBP cohorts. The frequency of outpatient visits for CLBP by the CLBP population was defined as the cumulative times of visits divided by the follow-up period (years). All CLBP patients were divided into three groups according to their frequency of outpatient visits (<2, 2~3, and ≥4 times/ per year).
Results
Characteristics of the study population
The flow of participants is summarized in Figure 1 . The baseline characteristics of the CLBP and NLBP cohorts are listed in Table 1 . There were 10,308 CLBP patients and 20,616 propensity score-matched NLBP patients. The mean follow-up periods were 8.40 and 8.28 years for the CLBP and the NLBP cohort, respectively. The distribution of gender, age group, and comorbidities between the two cohorts did not differ significantly under matching.
Risk of strokes of CLBP patients
At the end of the follow-up period, the cumulative incidences of all stroke, and ischemic stroke were significantly higher in the CLBP than in the NLBP cohort (p < 0.0001) ( Figure 2 ). Compared with the NLBP patients, the adjusted hazard ratios (aHRs) of all stroke, hemorrhagic stroke and ischemic stroke of the CLBP patients were 2.35 (95% confidence interval (CI): 2.14-2.57, p < 0.001), 1.55 (95% CI:
1.16-2.06, p = 0.003), and 2.41 (95% CI: 2.18-2.66, p < 0.001), respectively ( Table 2) .
The NSAIDs used for varied duration in cumulative manner (<18 days, between 18 and 132 days, and >132 days) was not an independent predictor for stroke in all three sub-groups of CLBP patients ( Table 2 ). Figure 3 shows the incidence rates, crude hazard ratios, and aHRs of ischemic stroke of the CLBP cohort, and stratification analysis of each considered variable (including age, gender, cardiovascular-related comorbidities and usage of NSAIDs).
The incidence rates of ischemic stroke for the CLBP and NLBP cohorts were 11.94 per 1000 person-years and 7.97 per 1000 person-years, respectively. The association of CLBP with ischemic stroke was most prominent in the patients less than 50 years J o u r n a l P r e -p r o o f old with aHR:3.56 (CI:2.74~4.61, p < 0.001) among the three age groups. There were also greater risks of ischemic stroke for the CLBP patients with or without comorbidities or NSAIDs used compared with the control subjects, except the population having peripheral artery disease, and atrial fibrillation. Table 3 shows the risk of strokes stratified by the frequency of outpatient visits by the CLBP patients during the follow-up period. The highest frequency of visits (≥4 times/ per year) during the follow-period was associated with higher risks of all stroke, hemorrhagic stroke and ischemic stroke. The aHRs were 4.84 (95% CI: 4.34-5.40, p < 0.001), 3.37 (95% CI: 2.36-4.82, p < 0.001), and 4.92 (95% CI: 4.38-5.51, p < 0.001), respectively.
Discussion
This is the first longitudinal study to elucidate whether chronic low back pain (CLBP) patients are at risk of strokes, by comparison of the CLBP with NLBP (matched) cohorts under comprehensive adjustments. As a result, CLBP patients had obviously increased risk of strokes. Besides, stratified analysis by age showed that the association was greatest in the patients less than 50 years old among the three age groups. Additionally, CLBP patients are at risk of ischemic stroke in almost all subgroup analysis in our survey, except those having peripheral artery disease and atrial fibrillation. The above-mentioned exceptions could be due to the small sample size of patients having those two comorbidities (those patients were less than 1% of the respective cohort) ( Table 1) .
NSAIDs usage might increase cardiovascular risk in the patients already having atherosclerosis disease. 13 Recently, review articles and meta-analysis indicated that that Rofecoxib was the only drug with adverse cardiovascular outcomes among those NSAIDs, otherwise no definite evidence was seen regarding NSAIDs and stroke risk. 14, 15 Since the CLBP patients might take NSAIDs more frequently than the non-low back pain (NLBP) patients, we concerned that NSAIDs might lead CLBP patients more vulnerable to having strokes. Therefore, we adjusted the NSAIDs used with different cumulative usage days in our investigation. Consequently, we did not observe any impacts of such NSAIDs use on the association of CLBP with stroke (Table 2 and Figure 3 ).
Our study was not primarily designed to explore the effects of NSAIDs on stroke, thus we did not consider different types of NSAIDs for covariates in this study. There has not been any evidence on the association between NSAIDs and stroke on the J o u r n a l P r e -p r o o f study population like ours. Therefore, possible effects of NSAIDs used on the association between chronic low back pain and stroke remain unknown and more studies are needed before further conclusions can be drawn.
Older age (over 65 years) was the most significant risk factor for ischemic stroke with aHR of 8.99 in our study (Table 2) , which was compatible with previous ones. 16, 17 Interestingly, the association of CLBP with stroke was most prominent in the patients less than 50 years old among the three age groups (Figure 3 ). The earlier cross-sectional survey, however, revealed that the association of chronic musculoskeletal pain with cardiovascular disease was stronger in older adults (over 65 years old). 12 It is likely that the differences in study design, pain type, and population might contribute to the discrepancies in ages for the associations. Our study results are particularly interesting that might shed more light in stroke prevention, since there are still about one third of young stroke patients (less than 50 years old) did not have definite etiology. 10 Potential underlying mechanisms, like premature atherosclerosis change attributed to CLBP, warrant further investigations.
While an in-depth analysis of the relevant characteristics of chronic pain (qualitative assessment of pain) would be more helpful and provide more information to elucidate the relationship between chronic pain and stroke, the dataset obtained from NHIRD databank did not contain such clinical information (e.g., evaluation of chronic pain in chronicity and objective pain scales). Thus, in this study, it is beyond our scope to explore those potential impacts on the relation between CLBP and strokes.
Instead, to reinforce this weakness of the study design, we conducted a stratified analysis of the relation between strokes and CLBP by looking at different frequency of outpatient visits made by the CLBP patients during their follow-up periods ( Table   3 ). Our assumption was: the more frequent OPD visits, the more severe the CLBP.
The data shown in the Table 3 , therefore, was an alternative solution to this issue (as a surrogate indicator to pain scale). The data showed that the more frequent visits made by the CLBP cohort was associated with the higher risks of strokes, compared with the NLBP cohort.
In our study, CLBP was associated with increased risk for stroke in all age groups and subgroups without cardiovascular-related comorbidities. Exposure of chronic pain could induce elevated cortisol levels 18 , and sympathetic-parasympathetic imbalances might promote atherosclerotic process. 19 Additionally, central sensitization from J o u r n a l P r e -p r o o f pro-inflammatory cytokines induced by CLBP might also play a role for further atherosclerotic change. 20, 21 Strong association between chronic pain and depression has been reported. 11, 22, 23 Both chronic pain and depression were related with perspectives of brain regions for mood management like insular cortex, anterior cingulate, thalamus, hippocampus, and amygdala, etc. Therefore, chronic pain with related chronic neuroplasticity changes may play an important role leading to depression. 11 Besides, pain mediated by inflammatory response may correlate with depression more strongly. 24, 25 Taken together, chronic pain, inflammation, emotional stress and depression often coexist on the CLBP patients. Therefore, our results in the higher risk for stroke in the CLBP patients could be clinically meaningful.
Study limitations and strengths
There are several limitations in this study owing to the features of NHIRD. Firstly, lifestyle-related risk factors for stroke as alcohol consumption, smoking status, obesity, sleeping disturbances and inactivity were unavailable from diagnostic codes, therefore the potential effects were not known. Interestingly, a cross-sectional survey revealed that neither objectively and subjectively measured physical activity nor sedentary behavior contributed to the association of chronic musculoskeletal pain with cardiovascular disease 12 , which was in contrast with the earlier study. 26 Further prospective studies considering detailed lifestyle-related factors as alcohol consumption, smoking status, obesity, sleeping disturbances and activity are in need. This is the first large longitudinal study to explore whether CLBP patients are at risk for stroke. Key strengths of this survey are listed as below. Firstly, our strict criteria for identifying CLBP cohort would enhance the objectivity of the patient selection. Furthermore, the validation study of the NHIRD with ischemic stroke cases in Taiwan showed the accuracy rate of 94.51% to 97.85%, which could confirm the reliability of the recognition of our study outcome well. 27 Secondly, we compared the CLBP cohort with propensity score-matched NLBP cohort, and investigated rigorously by considering extensive covariates. Thus, the results should be reliable and reproducible. Thirdly, the large sample size allowed us to have enough power to perform the subgroups stratification analysis (e.g., age, gender, comorbidities, and NSAIDs usage), therefore it increased the generalizability of the findings.
Conclusion
In conclusion, CLBP was associated with increased risk of strokes, especially ischemic stroke, and the association was most prominent in patients less than 50 years 
The Kaplan-Meier curves
The cumulative incidence of all stroke, hemorrhagic stroke, and ischemic stroke of the chronic low back pain and the compared cohort. 
